The DNA sequences of the early region 3 (E3) and fibre protein genes of bovine adenovirus type 3 (BAd3) have been determined and the amino acid sequences predicted to be encoded by their open reading frames (ORFs) compared to those of the fibre and E3 proteins from other Ads. One of the BAd3-E3 proteins contains a region homologous to the 14-7K E3 protein of human Ad5 (HAd5). The putative BAd3 fibre protein contains a number of regions homologous to the HAd2 fibre protein sequence, but is predicted to be 244 amino acids longer owing to an increase in the number of repeating structural motifs of hydrophobic amino acid residues in the shaft region. Sequences to the left of the BAd3-E3 gene region contained the 3' end of another ORF with extensive identity with the hexon-associated protein precursor (pVIII) of HAd2. Like mouse Adl and canine Adl, the BAd3 E3 gene is approximately 1.5 kb, about half the size of the E3 region of HAd2 and HAd5.
Bovine adenoviruses (BAds) are involved in respiratory and enteric diseases of calves (Mohanty, 1971) . The nine serotypes of BAd are divided into two subgroups (Benko et al., 1989) on the basis of a number of characteristics, which include the ability to replicate in different cell cultures of bovine origin. Subgroup 1 viruses (BAdl, -2, -3 and -9) grow relatively well in established bovine cell lines compared to subgroup 2 viruses (BAd4, . BAd3, the best characterized of the BAd serotypes, has a genome of approximately 35 kbp, and restriction maps for a number of enzymes are available (Kurokawa et al., 1978; Benko et al., 1989; Fig. 1) . The predicted amino acid sequence of BAd3 hexon shows more than 80 % identity with that of human Ad2 (HAd2) (Hu et al., 1984) . However, the location and sequences of other genes in the BAd genome have not been reported.
The early region 3 (E3) gene products of HAd2 and HAd5 are not required for virus replication in cultured cells, but may be involved in modulating the host immune responses to virus infection in vivo (reviewed by Wold & Gooding, 1989; . The possibility of substituting E3 sequences with foreign DNA has led to the development of non-defective HAd
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The general organization of Ad genomes seems to be relatively well conserved so it was possible to predict, from the locations of a number of HAd E3 regions, that BAd E3 should lie between map units (m.u.) 77 to 86. To prepare DNA for cloning and sequencing, BAd3 (strain WBR-1), obtained from Dr B. Derbyshire, University of Guelph, Guelph, Canada, was grown in Madin-Darby bovine kidney cells, virions were purified and DNA was extracted (Graham & Prevec, 1991) . Previously published restriction maps for EcoRI and BamHI (Kurokawa et al., 1978) were confirmed (Fig. 1) . The BamHI D and EcoRI F fragments of BAd3 DNA were isolated and inserted into pUC18 and pUC19 vectors, and nested sets of deletions were made using exonuclease III and S1 nuclease (Henikoff, 1984) . The resulting clones were sequenced by the dideoxynucleotide chain termination technique (Sanger et al., 1977) . The nucleotide sequence from positions 1 to 287 was obtained from the right end of the BamHI B fragment (Fig. 1) . The sequence of the region spanning the BamHI site at nucleotide 3304 and the EcoRI site at nucleotide 3404 was obtained from a plasmid containing the XbaI C fragment (m.u. 83 to 100; not shown) using primers hybridizing to BAd3 sequences. Analysis of the sequence was performed with the aid of the PC/GENE sequence analysis package developed by Amos Bairoch, Department of Medical Biochemistry, University of Geneva, Switzerland.
The 4796 nucleotide sequence which extends between 77 and 91 m.u. of the BAd3 genome is shown in Fig. 2 . The upper strand contains 21 open reading frames (ORFs) which could encode polypeptides of 50 amino acid residues or more ( Fig. 1 and 2) . The lower strand contains no ORF encoding a protein of longer than 50 amino acids after an initiation codon. The predicted amino acid sequence for each ORF on the upper strand was analysed for homology with predicted amino acid sequences from several sequenced Ads: HAd2 (H6riss6 et al., 1980; H6riss6 & Galibert, 1981 ), -3 (Signas et al., 1986 ), -5 (Cladaras & Wold, 1985 , -7 (Hong et al., 1988) and -35 (Flomenberg et al., 1988) , and murine Adl (MAdl) (Raviprakash et al., 1989) and canine Adl (CAd 1) (Dragulev et al., 1991) . Three of the BAd30RFs exhibited homology with characterized HAd proteins pVIII, fibre and the 14.7K E3 protein. The amino acid sequence predicted from BAd3 ORF 10 shows overall identity of approximately 55~ when compared to the C-terminal 75~ of HAd2 pVIII (Cladaras & Wold, 1985) (Fig. 3a) , indicating that ORF 10 encodes the right end of BAd3 pVIII. Near the C-terminal end of BAd3 pVIII there is a 67 amino acid stretch (residues 59 to 125; Fig.  3a ) which has 75~ identity with HAd2 pVIII. This region has previously been shown to be highly conserved among different Ads (Cladaras & Wold, 1985; Signas et al., 1986; Raviprakash et al., 1989; Dragulev et al., 1991) .
The fibre protein is present on the surface of the virion as long projections from each vertex of the icosahedral capsid and is involved in a number of Ad functions (a) including attachment of the virus to the cell surface during infection, assembly of virions and antigenicity (Philipson, 1983) . On the basis of the primary structure of HAd2 fibre protein, it has been proposed that the shaft region (between amino acid residues 40 and 400) is composed of a number of repeating structural motifs containing about 15 bydrophobic residues organized in two short fl-sheets and two fl-bends (Green et al., 1983) . The amino acid sequences at the N terminus of the BAd3 ORF 12-encoded protein share about 60% identity with the HAd2 fibre protein tail, but there is little or no similarity in the knob region, and about 45% identity overall (Fig. 3c) . The BAd3 fibre gene would encode a protein of 826 residues if no splicing occurs, i.e. 244 amino acid residues longer than the HAd2 fibre protein.
The number of repeating motifs in the shaft region of the fibre protein from different Ads varies between 18 and 23 (Signas et al., 1985; Chroboczek & Jacrot, 1987; Hong et al., 1988; Raviprakash et al., 1989; Dragulev et al., 1991) . The BAd3 fibre protein can be organized into 42 such repeats in this region (not shown), which would account for most of the difference in size compared to those of HAd2, HAd3, HAd5, HAd7, CAdl and MAdl (Signas et al., 1985; H6riss~ et al., 1980; H6riss~ & Galibert, 1981; Hong et al., 1988; Raviprakash et al., 1989; Dragulev et al., 1991) . HAd2 and HAd5 E3 lies between the pVIII and the fibre genes and encodes at least 10 polypeptides (Cladaras & Wold, 1985) . The promoter for E3 of these two serotypes lies within the sequences encoding pVIII, about 320 bp 5' of the termination codon. No consensus TATA box is found in the corresponding region of the BAd3 sequences. A non-canonical polyadenylation signal (ATAAA) for E3 transcripts is located at position 1721, between the end of the putative E3 region and the beginning of ORF 12, encoding the fibre protein, and two consensus signals are located within ORF 12 at positions 2573 and 3563. Eight ORFs were identified in the BAd3 genome between the pVIII and the fibre genes, but only three (ORFs 11, 14 and 17) have the potential to encode polypeptides of at least 50 amino acids after an initiation codon ( Fig. 1 and 2) . The amino acid sequence predicted to be encoded by ORF 11 is 428 residues long and contains nine potential N-glycosylation sites ( Fig. 1  and 2 ) as well as a hydrophobic sequence which may be a potential transmembrane domain (PLLFAFVLCTGC-AVLLTASV) between residues 259 and 278. This domain may be a part of the protein homologous to the HAd2 and HAd5 19K E3 glycoprotein (Cladaras & Wold, 1985) , and the proposed CAdl 22.2K protein (Dragulev et al., 1991) , but ORF 11 does not show appreciable homology with these proteins. The C-terminal 120 residues encoded by ORF 11 show approximately 44 % identity with the 14-7K E3 protein of HAd5 ( Fig. 1 and 3b) , which has been shown to prevent lysis of virus-infected mouse cells by tumour necrosis factor (Gooding et al., 1988; Wold & Gooding, 1989) . Analysis of the 14.7K protein sequence from HAd2, -3, -5 and -7 has revealed a highly conserved domain, which in HAd5 lies between amino acid residues 41 and 56 (Horton et al., 1990) . The corresponding region in the BAd30RF 11-encoded protein, between amino acids 344 and 359, contains 11 amino acids identical to those of the HAd5 14.7K protein conserved domain (Fig. 3b) .
The BAd3 E3 region appears to be approximately 1.5 kbp long, about half the size of those of HAd2 and -5 (Cladaras & Wold, 1985) , and novel splicing events in BAd3 E3 would be required to generate more homologues to the HAd E3 proteins. A similarly short E3 region has been reported for MAdl (Raviprakash et al., 1989) and CAdl (Dragulev et al., 1991) , and the CAdl E3 region appears to be dispensable for growth in cultured cells (Dragulev et al., 1991) . Experiments are under way to determine whether the BAd3 E3 region is also dispensable for virus replication.
